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Description
Technical Field

[0001] The present disclosure relates to an apparatus
and method for setting up a radio front haul link in a co-
operative communication system.

Background Art

[0002] FIG. 1 schematically illustrates an operation of
connecting Base Stations (BSs) using a point-to-point
scheme in a general wireless communication system.
[0003] Referring to FIG. 1, a wireless communication
system 100 includes a plurality of BSs, and any two BSs
may be connected using a radio back haul link. The radio
back haul link is set up by connecting a BS with another
BS using a point-to-point scheme for an access link 110,
and the respective BSs may have different hardware
and/or hardware configurations. For example, in order to
connect a BS 1 with the other 18 BSs, those being BS 2
to BS 19, eighteen hardware elements are needed for
the BS 1 to perform a radio backhaul communication with
the other eighteen BSs within a 3-tier communication sys-
tem as shown in FIG. 1.

[0004] As described in FIG. 1, a general radio back
haul interface uses an excessive amount of hardware,
that is, a large amount of hardware is needed, so the
general radio back haul interface is improper to dynam-
ically or adaptively support a radio back haul interface
by reflecting a status of an access link, such as a small
cell cooperative communication. Here, the amount of
hardware may correlate to the number of BSs which will
connect via a radio back haul.

[0005] Meanwhile, in the wireless communication sys-
tem, setting up a radio front haul link as well as the radio
back haul may be an important factor for influencing a
performance for the wireless communication system. So,
in the wireless communication system, setting up a radio
front haul link, which is set up using the radio back haul
link that is set up the operation described in FIG. 1, may
cause the same problem as the radio back haul link set
up operation.

[0006] Recently, a study for a cooperative communi-
cation system has been actively progressed for providing
a best service to Mobile Stations (MSs). However, a de-
tailed radio front haul link set up operation has not been
concretely proposed.

[0007] Accordingly, there is a need for setting up a ra-
dio fronthaullink in a cooperative communication system
thereby minimizing a hardware requirement and adap-
tively reflecting a channel status.

[0008] The above information is presented as back-
ground information only to assist with an understanding
of the present disclosure. No determination has been
made, and no assertion is made, as to whether any of
the above might be applicable as prior art with regard to
the present disclosure.
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[0009] WO 2010/115372 A1 relates to a method of dy-
namic resource transaction in wireless OFDMA systems.
In macro-femto overlay network architecture, network
and traffic condition varies dynamically. Dynamic re-
source transaction is a powerful mechanism to achieve
effective interference mitigation and flexible radio re-
source management to enhance resource utilization as
well as to improve link performance. Dynamic resource
transaction can be performed by signaling or message
exchange through backhaul network or air-interface con-
nections. The signal or message through backhaul net-
work can be directly exchanged among multiple base
stations or be routed through a centralized self-organiz-
ing network (SON) server.

Disclosure of Invention

Technical Problem

[0010] Aspectsofthe presentdisclosure aretoaddress
at least the above-mentioned problems and/or disadvan-

tages and to provide at least the advantages described
below.

[0011] The invention is set out in the appended set of
claims.
[0012] Accordingly, anaspectofthe presentdisclosure

is to provide an apparatus and method for setting up a
radio front haul link in a cooperative communication sys-
tem.

[0013] Another aspect of the present disclosure is to
provide an apparatus and method for setting up a radio
front haul link in a cooperative communication system
thereby minimizing hardware needed.

[0014] Still another aspect of the present disclosure is
to provide an apparatus and method for setting up a radio
front haul link in a cooperative communication system
thereby adaptively reflecting a channel status.

Solution to Problem

[0015] Inaccordance with an aspect of the present dis-
closure, a serving Base Station (BS) in a cooperative
communication system is provided. The serving BS in-
cludes a receiver configured to receive a measurement
result report message including a measurement result
for each of a serving BS and neighbor BSs, and a con-
troller configured to determine at least one neighbor BS
with which the serving BS will set up a radio front haul
link according to the measurement result for each of the
serving BS and the neighbor BSs, and configured to per-
form a radio front haul link set up operation with the at
least one neighbor BS.

[0016] In accordance with another aspect of the
present disclosure, a neighbor BS in a cooperative com-
munication system is provided. The neighbor BS includes
a controller configured to detect that a neighbor BS will
set up a radio front haul link with a serving BS, and con-
figured to perform a radio front haul link setup operation
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with the serving BS.

[0017] In accordance with another aspect of the
present disclosure, a Mobile Station (MS) in a coopera-
tive communication system is provided. The MS includes
a controller configured to perform a measurement oper-
ation for each of a serving BS and neighbor BSs, and a
transmitter configured to transmit a Radio Frequency
(RF) signal, wherein the controller is configured to control
the serving BS and the neighbor BSs to perform a radio
front haul link set up operation by controlling the trans-
mitter to transmit a measurement result report message
including a measurement result for each of the serving
BS and the neighbor BSs to the serving BS.

[0018] In accordance with another aspect of the
present disclosure, a Self Organizing Network (SON)
server in a cooperative communication system is provid-
ed. The SON server includes a receiver configured to
receive aradio front haul link set up help message which
requests a SON server to transmit a wake up message
indicating that a neighbor BS will set up a radio front haul
link with a serving BS to the neighbor BS from the serving
BS, and a transmitter configured to transmit the wake up
message to the neighbor BS.

[0019] In accordance with another aspect of the
present disclosure, a method for setting up a radio front
haul link by a serving BS in a cooperative communication
system is provided. The method includes receiving a
measurement result report message including a meas-
urement result for each of a serving BS and neighbor
BSs, determining at least one neighbor BS with which
the serving BS will set up a radio front haul link according
to the measurement result for each of the serving BS and
the neighbor BSs, and performing a radio front haul link
set up operation with the at least one neighbor BS.
[0020] In accordance with another aspect of the
present disclosure, a method for setting up a radio front
haul link by a neighbor BS in a cooperative communica-
tion system is provided. The method includes determin-
ing whether a neighbor BS will set up a radio front haul
link with a serving BS, and performing a radio front haul
link setup operation with the serving BS.

[0021] In accordance with another aspect of the
present disclosure, a method for setting up a radio front
haullink by a MS in a cooperative communication system
is provided. The method includes performing a measure-
ment operation for each of a serving BS and neighbor
BSs, and controlling the serving BS and the neighbor
BSs to perform a radio front haul link set up operation by
transmitting a measurement result report message, in-
cluding a measurement result for each of the serving BS
and the neighbor BSs, to the serving BS.

[0022] In accordance with another aspect of the
present disclosure, a method for setting up a radio front
haullink by a SON serverin a cooperative communication
system is provided. The method includes receiving a ra-
dio front haul link set up help message which requests a
SON server to transmit a wake up message indicating
that a neighbor BS will set up a radio front haul link with
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a serving BS to the neighbor BS from the serving BS,
and transmitting the wake up message to the neighbor
BS.

[0023] Other aspects, advantages, and salient fea-
tures of the disclosure will become apparent to those
skilled in the art from the following detailed description,
which, taken in conjunction with the annexed drawings,
discloses various embodiments of the present disclo-
sure.

Advantageous Effects of Invention

[0024] As is apparent from the foregoing description,
the present disclosure enables the setting up of a radio
front haul link in a cooperative communication system.
[0025] The present disclosure enables the setting up
of a radio front haul link in a cooperative communication
system thereby minimizing a hardware requirement.
[0026] The present disclosure enables the setting up
of a radio front haul link in a cooperative communication
system thereby adaptively reflecting a channel status.

Brief Description of Drawings

[0027] The above and other aspects, features, and ad-
vantages of certain embodiments of the present disclo-
sure will be more apparent from the following description
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 schematically illustrates an operation of con-
necting Base Stations (BSs) using a point-to-point
schemein ageneral wireless communication system
according to related art;

FIG. 2 schematically illustrates a structure of a co-
operative communication system according to an
embodiment of the present disclosure;

FIG. 3 schematically illustrates a process for setting
up a radio front haul link in a cooperative communi-
cation system according to an embodiment of the
present disclosure;

FIG. 4 schematically illustrates a process for setting
up a radio front haul link in a cooperative communi-
cation system according to an embodiment of the
present disclosure;

FIG. 5 schematically illustrates a process for setting
up a radio front haul link in a cooperative communi-
cation system according to an embodiment of the
present disclosure;

FIG. 6 schematically illustrates a process for setting
up a radio front haul link in a cooperative communi-
cation system according to an embodiment of the
present disclosure;

FIGS. 7a and 7b schematically illustrate a process
for setting up a radio front haul link in a cooperative
communication system according to an embodiment
of the present disclosure;

FIG. 8 schematically illustrates a process for setting
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up a radio front haul link in a cooperative communi-
cation system according to an embodiment of the
present disclosure;

FIGS. 9a and 9b schematically illustrate a process
for setting up a radio front haul link in a cooperative
communication system according to an embodiment
of the present disclosure;

FIG. 10 schematically illustrates a process for setting
up a radio front haul link in a cooperative communi-
cation system according to an embodiment of the
present disclosure;

FIG. 11 schematically illustrates an internal structure
of a serving Base Station (BS) in a cooperative com-
munication system according to an embodiment of
the present disclosure;

FIG. 12 schematically illustrates an internal structure
of a neighbor BS in a cooperative communication
system according to an embodiment of the present
disclosure;

FIG. 13 schematically illustrates an internal structure
of a Mobile Station (MS) in a cooperative communi-
cation system according to an embodiment of the
present disclosure; and

FIG. 14 schematically illustrates an internal structure
of a Self Organizing Network (SON) server in a co-
operative communication system according to an
embodiment of the present disclosure.

[0028] Throughoutthe drawings, like reference numer-
als will be understood to refer to like parts, components,
and structures.

Mode for the Invention

[0029] The following description with reference to the
accompanying drawings is provided to assist in a com-
prehensive understanding of various embodiments of the
present disclosure as defined by the claims and their
equivalents. It includes various specific details to assist
in that understanding but these are to be regarded as
merely exemplary. Accordingly, those of ordinary skill in
the art will recognize that various changes and modifica-
tions of the various embodiments described herein can
be made without departing from the scope of the present
disclosure. In addition, descriptions of well-known func-
tions and constructions may be omitted for clarity and
conciseness.

[0030] The terms and words used in the following de-
scription and claims are not limited to the bibliographical
meanings, but, are merely used by the inventor to enable
a clear and consistent understanding of the present dis-
closure. Accordingly, it should be apparent to those
skilled in the art that the following description of various
embodiments of the present disclosure is provided for
illustration purpose only and not for the purpose of limiting
the presentdisclosure as defined by the appended claims
and their equivalents.

[0031] Itistobeunderstood thatthe singular forms "a,"
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"an," and "the" include plural referents unless the context
clearly dictates otherwise. Thus, for example, reference
to "a component surface" includes reference to one or
more of such surfaces.

[0032] An embodiment of the present disclosure pro-
vides an apparatus and method for setting up a radio
front haul link in a cooperative communication system.
[0033] Another embodiment of the present disclosure
provides an apparatus and method for setting up a radio
front haul link in a cooperative communication system
thereby minimizing hardware needed.

[0034] Still another embodiment of the present disclo-
sure provides an apparatus and method for setting up a
radio front haul link in a cooperative communication sys-
tem thereby adaptively reflecting a channel status.
[0035] An apparatus and method provided according
to an embodiment of the present disclosure may be ap-
plied to various wireless communication systems as well
as the cooperative communication system. Further, it will
be understood by those of ordinary skill in the art that a
serving Base Station (BS) in the cooperative communi-
cation system may be a serving BS in other wireless com-
munication systems.

[0036] FIG. 2 schematically illustrates a structure of a
cooperative communication system according to an em-
bodiment of the present disclosure.

[0037] Referring to FIG. 2, a cooperative communica-
tion system includes a Self Organizing Network (SON)
server 202, aBS 1204, a BS 2 206, a BS 3 208, a BS 4
210,aBS5212,aBS6214,aBS 7216, a Mobile Station
(MS) 218, and an MS 2 220.

[0038] The SON server 202 is located in a Core Net-
work (CN) 200, and manages setting information, loca-
tion information, status information, and any other similar
and/or suitable type of information, for each BS. For ex-
ample, the status information includes operation mode
information indicating that a related BS operates in an
active mode or a dormant mode, or other similar and/or
suitable operation mode information.

[0039] Each of the BSs 204 to 216 recognizes SON
server information on the SON server 202, such as ad-
dress information, in advance, and the BSs 204, 206,
210, 212, and 214, which operate in the active mode from
among the BSs 204 to 216, maintain logical connections
250 to 258 (not shown) with the SON server 202, so that
a radio front haul link communication, from among the
BSs204,206,210,212,and 214, and/orinformation used
for communication with the MSs 218, 220 may be ac-
quired through communication with the SON server 202.
[0040] The SON server 202 performs an operation in
which the SON server 202 relays signaling for setting up
aradio front haul link among the BSs 204, 206, 210, 212,
and 214 which operate in the active mode, or manages
and/or maintains information on a radio front haul link
monitoring window that is used for performing the radio
front haul link set up operation, and such information may
be referred to as radio front haul link monitoring window
information, according to an embodiment of the present
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disclosure. The radio front haul link window information
includes information on a period, a start timing point and
a length of the radio front haul link monitoring window.
[0041] TheBS 1204 andthe BS 6 214 are respectively
connected to the CN 200 through wired backhaul links
222 and 224. The BS 2 206 through the BS 5 212 and
the BS 7 216 have not set up a wired backhaul link with
the CN 200 in the embodiment of FIG. 2.

[0042] At an arbitrary timing point T1, the BS 1 204,
the BS 2 206, and the BS 4 210, which are wirelessly
connected one another, provide a cooperative service to
the MS 1 218 by operating radio front haul links 226, 228,
and 230. The BS 4 210, the BS 5 212, and the BS 6 214,
which are wirelessly connected one another, provide a
cooperative service to the MS 2 220 by operating radio
front haul links 232, 234, and 236.

[0043] At an arbitrary timing point T2, the BSs 204 to
210 provide a cooperative service to the MS 1 218 by
operating a radio front haul link. The BS 1 204, the BS 4
210, and the BS 6 214 provide a cooperative service to
the MS 2 220 by operating another radio front haul link.
Thatis, at the arbitrary timing point T2, the BS 1 204, the
BS 2 206, and the BS 4 210 will set up radio front haul
links 238, 240, and 242 with the BS 3 208, and the BS 1
204 will set up a radio front haul link 244 with the BS 6
214. At the arbitrary timing point T1, the BS 1 204 has
not set up the radio front haul link with the BS 6 214, so
the BS 1 204 will set up the radio front haul link 244 with
the BS 6 214 at the arbitrary timing point T2.

[0044] At the arbitrary timing point T1, the BS 3 208
has not set up a radio front haul link with the BS 1 204,
the BS 2 206, and the BS 4 210, so the BS 3 208 will
respectively set up the radio front haul links 240, 238,
and 242, with the BS 1 204, the BS 2 206, and the BS 4
210 at the arbitrary timing point T2. So, an additional
operation in which BSs that have not set up a radio front
haul link at the arbitrary timing point T1 and will set up
the radio front haul link at the arbitrary timing point T2
will be described below.

[0045] The radio front haul links 226, 228, 230, 232,
234,236, 238, 240, 242, and 244 may be operated in the
same band as a radio access link between the MS 1218
and the MS 2 220. In this case, a resource may be used
based on a Spatial Division Multiple Access (SDMA)
scheme or any other similar and/or suitable scheme.
However, the present embodiment is not limited thereto,
and the radio front haul links 226, 228, 230, 232, 234,
236, 238, 240, 242, and 244 may be operated in a band
different from the radio access link between the MS 1218
and the MS 2 220. The radio front haul link, the radio
access link and the backhaul link may be operated using
a separate hardware.

[0046] FIG. 3 schematically illustrates a process for
setting up a radio front haul link in a cooperative commu-
nication system according to an embodiment of the
present disclosure.

[0047] Referring to FIG. 3, aradio front haul link set up
operation is triggered by an MS in operation 300. The

10

15

20

25

30

35

40

45

50

55

radio front haul link set up operation is triggered by trans-
mitting a measurement result report message from the
MS to a serving BS. The measurement result report mes-
sage and a measurement result, which is included in the
measurement result report message, will be described
below. Related BSs, such as the serving BS and neighbor
BSs, determine whether the cooperative communication
system supports a back haul-assisted radio front haul
link set up function in operation 302. The back haul-as-
sisted radio front haul link set up function denotes a func-
tion in which a radio front haul link is set up by having
help from a SON server which is connected to the related
BSs through a backhaul link. If the cooperative commu-
nication system supports the back haul-assisted radio
front haul link set up function, then the related BSs per-
form the back haul-assisted radio front haul link set up
function in operation 308.

[0048] If the cooperative communication system does
not support the back haul-assisted radio front haul link
setup function, then the related BSs perform aradio front
haul link monitoring operation corresponding to a radio
front haul link monitoring window in operation 304. Here,
hardware used in the radio front haul link monitoring op-
eration may be implemented with separate hardware dif-
ferent from the hardware used in performing a commu-
nication with the MS or the hardware used in performing
communication with other BSs which maintain the radio
front haul link.

[0049] The serving BS sets up a radio front haul link
by performing a radio front haul link set up operation in
operation 306. In FIG. 3, BSs which performed the radio
front haul link set up operation with the serving BS may
be a member of a monitoring BS set corresponding to
the MS or a member of a context sharing BS set corre-
sponding to the MS. The monitoring BS set correspond-
ing to the MS corresponds to neighbor BSs which the
MS will continuously monitor for determining a possibility
for selecting a slave BS which will provide a service to
the MS or for selecting a new serving BS from among
neighbor BSs for the serving BS.

[0050] The context sharing BS set corresponding to
the MS corresponds to the neighbor BSs for the serving
BS which share a context needed for providing a service
to the MS, for example, a static context such as a security
key, addressing, a service type, a service parameter, or
any other similar and/or suitable type of information or
contexts.

[0051] FIG. 4 schematically illustrates a process for
setting up a radio front haul link in a cooperative commu-
nication system according to an embodiment of the
present disclosure.

[0052] Referring to FIG. 4, for example, the coopera-
tive communication system includes a serving BS 400,
aneighbor BS 1 450, a neighbor BS 2 460, a SON server
470, and an MS (not shown in FIG. 4).

[0053] The serving BS 400 receives a measurement
result report message from the MS in operation 402. The
serving BS 400 selects neighbor BSs with which the serv-
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ing BS 400 will set up a radio front haul link based on a
measurement result included in the measurement result
report message in operation 404. The measurement re-
sult report message includes a measurement result for
each of reference signals transmitted from the serving
BS 400 and neighbor BSs, and also includes BS infor-
mation on each of the serving BS 400 and the neighbor
BSs. For example, the reference signal may be a pilot
signal. The BS information includes BS I|Dentifier (ID)
information, and other similar and/or suitable information.
[0054] For example, the measurement result may in-
dicate received signal strength, and may be a Signal to
Interference and Noise Ratio (SINR), a Signal to Noise
Ratio (SNR), a Received Signal Strength Indicator (RS-
Sl), aChannel Quality Indicator (CQl), or any other similar
and/or suitable measurement and/or indicator.

[0055] For convenience, in FIG. 4, it is assumed that
the neighbor BS 1 450 is selected as a neighbor BS with
which the serving BS 400 will set up the radio front haul
link, and it will be understood by those of ordinary skill in
the art that the number of the neighbor BSs with which
the serving BS 400 will set up the radio front haul link is
not limited and a serving BS may select a plurality of
neighbor BSs with which to set up radio front haul links.
For example, the MS may include BS information and
measured results for neighbor BSs which have a re-
ceived signal strength equal to or greater than a preset
threshold received signal strength in the measurement
result report message. In FIG. 4, the measurement result
report message includes BS information and measure-
ment results for the neighbor BS 1 450 and the neighbor
BS 2 460. The measurement result report message may
include at least one of a measurement result for a neigh-
bor BS which transmits a reference signal equal to or
greater than the threshold received signal strength, a
measurement result for all neighbor BSs included in the
monitoring BS set for the MS, and a measurement result
for all neighbor BSs included in a neighbor BS list.
[0056] The serving BS 400 transmits a radio front haul
link set up help message to the SON server 470 in op-
eration 406. The radio front haul link set up help message
denotes a message which requests the SON server 470
to transmit a wake up message, whichindicates that there
is aneedforsetting up aradio fronthaul link, to a neighbor
BS which is selected as a neighbor BS with which the
serving BS 400 will set up a radio front haul link, such as
the neighbor BS 1 450. For example, the radio front haul
link set up help message includes BS information indi-
cating neighbor BSs which are needed in order to set up
the radio front haul link, radio front haul link monitoring
window information, and any other similar and/or suitable
information. The BS information may include BS ID in-
formation of a related BS, and the radio front haul link
monitoring window information may include information
on a period, a start timing point, length information of the
radio front haul link monitoring window, and any other
similar and/or suitable information. The radio front haul
link set up help message may be implemented by a new
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message different from messages used in the coopera-
tive communication system, or may be implemented by
modifying a specific message from among the messages
used in the cooperative communication system.

[0057] After receiving the radio front haul link set up
help message, the SON server 470 transmits the wake
up message to the neighbor BS 1 450 in operation 408.
The wake up message includes BS information of the
serving BS 400, BS information of the neighbor BS with
which the serving BS 400 will set up the radio front haul
link, such as the neighbor BS 1 450, radio front haul link
monitoring window information, and any other similar
and/or suitable information. Here, the BS information and
the radio front haul link monitoring window information
may be equivalent to the BS information and the radio
front haul link monitoring window information included in
the radio front haul link set up help message. The wake
up message may be implemented by a new message
different from messages used in the cooperative com-
munication system, or may be implemented by modifying
a specific message from among the messages used in
the cooperative communication system.

[0058] Afterreceiving the wake up message, the neigh-
bor BS 1 450 performs a radio front haul link monitoring
prepare operation for the serving BS 400 based on the
radio front haul link monitoring window information in-
cluded in the wake up message in operation 412. The
radio fronthaul link monitoring prepare operation denotes
an operation in which the neighbor BS 1 450 checks a
start timing point of a radio front haul link monitoring win-
dow to be operated within the closet time based on the
radio front haul link monitoring window information, which
may include information on a period, a start timing point
and a length of the radio front haul link monitoring win-
dow.

[0059] Also, the serving BS 400 performs the radio
front haul link monitoring prepare operation in operation
410. The serving BS 400 broadcasts a radio front haul
link set up notification message in operation 414. The
radio front haul link set up notification message includes
BS information on a neighbor BS, such as the neighbor
BS 1 450, which will set up a radio front haul link with the
serving BS 400.

[0060] After receiving the radio front haul link set up
notification message, the neighbor BS 1 450 detects that
the BS information on the neighbor BS 1 450 is included
in the radio front haul link set up notification message,
and, although now shown in FIG. 4, the neighbor BS 1
450 may transmit a radio front haul link set up confirm
message as a response message to the radio front haul
link set up notification message to the serving BS 400.
The radio front haul link set up confirm message may
include information indicating that the neighbor BS 1 450
accepts or rejects the setting up of the radio front haul
link with the serving BS 400, and may include a rejection
reason if the information indicates that the neighbor BS
1 450 rejects the setting up of the radio front haul link
with the serving BS 400 if needed. In FIG. 4, itis assumed
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that the neighbor BS 1 450 accepts the setting up of the
radio front haul link with the serving BS 400.

[0061] Even though the neighbor BS 2 460 receives
the radio front haul link set up notification message from
the serving BS 400, the neighbor BS 2 460 may discard
the radio front haul link set up notification message since
the BS information included in the radio front haul link
set up notification message is the BS information corre-
sponding to the neighbor BS 1 450 rather than the BS
information corresponding to the neighbor BS 2 460 (not
shown in FIG. 4).

[0062] After receiving the radio front haul link set up
notification message, the neighbor BS 1 450 transmits a
radio front haul link access request message to the serv-
ing BS 400 in operation 416. After receiving the radio
front haul link access request message from the neighbor
BS 1450, the serving BS 400 transmits a radio front haul
link access response message, as a response message
to the radio front haul link access request message, to
the neighbor BS 1 450 in operation 418. Here, operations
416 to 418 correspond to an operation indicating a start
of aradio front haul link set up operation and an operation
in which the serving BS 400 and the neighbor BS 1 450
acquire a synchronization. The serving BS 400 and the
neighbor BS 1 450 set parameters to be used in the radio
front haul link, such as radio front haul link ID information,
security key information, connection ID information, and
other similar and/or suitable information in operation 420.
[0063] If the neighbor BS 1 450 performs a radio front
haul link set up operation with other neighbor BSs man-
aged by the serving BS 400, then the serving BS 400
transmits a radio front haul link command message to
the neighbor BS 1 450 in operation 422. The radio front
haul link command message includes BS information
corresponding to other neighbor BSs with which the
neighbor BS 1 540 will set up a radio front haul link. For
example, in FIG. 4, it is assumed that the other neighbor
BSs, with which the neighbor BS 1 450 will set up the
radio front haul link, includes a neighbor BS 2 460.
[0064] If the neighbor BS 1 450 is a cooperative cell
member BS included in a cooperative cell which the serv-
ing BS 400 manages, then the serving BS 400 performs
a cooperative cell member update operation with the
neighbor BS 1 450 in operation 424. If the neighbor BS
2 460 is a cooperative cell member BS included in the
cooperative cell which the serving BS 400 manages, then
the serving BS 400 performs a cooperative cell member
update operation with the neighbor BS 2 460 in order to
notify the neighbor BS 2 460 that the neighbor BS 1 450
is newly included into the cooperative cell as a cooper-
ative cell member BS in operation 426. While the serving
BS 400 performs the cooperative cell member update
operation, as described in operation 426, the serving BS
400 may transmit a radio front haul link set up command
message indicating that the neighbor BS 2 460 will per-
form aradio front haul link set up operation with the neigh-
borBS 1450 whichis added as the cooperative cell mem-
ber BS to the neighbor BS 2 460.
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[0065] Each ofthe neighborBS 1450 and the neighbor
BS 2 460 respectively performs the radio front haul link
set up operations 428 and 430. The radio front haul link
set up operations in operations 428 and 430 are identical
to operations in operations 416 to 418, so a detailed de-
scription will be omitted herein.

[0066] FIG. 5 schematically illustrates a process for
setting up a radio front haul link in a cooperative commu-
nication system according to an embodiment of the
present disclosure.

[0067] Referring to FIG. 5, for example, the coopera-
tive communication system includes an MS 500, a serv-
ing BS 550, a neighbor BS 1 560, and a neighbor BS 2
570.

[0068] While the MS 500 communicates with the serv-
ing BS 550 in operation 502, the MS 500 performs a
measurement operation for the serving BS 550 and
neighbor BSs in operation 504. The measurement oper-
ation denotes an operation in which the MS 500 acquires
a measurement result for reference signals transmitted
from the serving BS 550 and the neighbor BSs, and the
measurement operation has been described in FIG. 4,
so a detailed description will be omitted herein.

[0069] After performing the measurement operation,
the MS 500 transmits a measurement result report mes-
sage including a measurement result to the serving BS
550 in operation 506. The measurement result has been
described in FIG. 4, so a detailed description will be omit-
ted herein. In FIG. 5, it is assumed that BS information
on the neighbor BS 1 560 and the neighbor BS 2 570 as
well as a measurement result for the neighbor BS 1 560
and the neighbor BS 2 570 is included in the measure-
ment result report message. After receiving the meas-
urement result report message, the serving BS 550 de-
termines whether there is a need for setting up a radio
front haul link with the neighbor BS 1 560 and the neigh-
bor BS 2 570 (not shown in FIG. 5).

[0070] The MS 500 transmits a cooperative cell mem-
ber candidate BS indication message, which indicates
that arelated BS is a cooperative cell member candidate
BS which may provide a service to the MS 500, to the
neighbor BS 1 560 and the neighbor BS 2 570 in opera-
tions 508 and 510. The cooperative cell member candi-
date BS indication message is used for indicating that
the neighbor BS 1 560 and the neighbor BS 2 570 will
set up a radio front haul link with the serving BS 550,
which serves the MS 500. For example, the cooperative
cell member candidate BS indication message may be
implemented in a form of a message including MS ID
information for the MS 500 and BS ID information for the
serving BS 550, or a scrambling code, or any other similar
and/or suitable information. Further, it will be understood
by those of ordinary skill in the art that an implementation
format for the cooperative cell member candidate BS in-
dication message is not limited thereto, and that the co-
operative cell member candidate BS indication message
may have any suitable implementation format. The co-
operative cell member candidate BS indication message
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may be implemented by a new message different from
messages used in the cooperative communication sys-
tem, or may be implemented by modifying a specific mes-
sage among the messages used in the cooperative com-
munication system.

[0071] After receiving the cooperative cell member
candidate BS indication message, the neighbor BS 1560
and the neighbor BS 2 570 determine whether a radio
front haul link has been already set up with the serving
BS 550 or whether there is a need for setting up the radio
front haul link with the serving BS 550 (not shown in FIG.
5).

[0072] For example, in FIG. 5, it is assumed that the
radio front haul link between the serving BS 550 and the
neighbor BS 1 560 has been already set up, and that the
radio front haul link between the serving BS 550 and the
neighbor BS 2 570 has not been already set up. So, the
neighbor BS 1 560 does not perform an additional oper-
ation for setting up the radio front haul link with the serving
BS 550.

[0073] The serving BS 550 and the neighbor BS 2 570
respectively perform a radio front haul link monitoring
operation for setting up the radio front haul link in oper-
ations 512 and 514. The radio front haul link monitoring
operationis performed based onradio front haul link mon-
itoring window information, and the radio front haul link
monitoring operation has been described above so a de-
tailed description will be omitted herein. It is assumed
that start timing point information included in the radio
front haul link monitoring window information is set as
information corresponding to a timing point after "X" time
from a timing point at which at least one of the measure-
ment result report message or the cooperative cell mem-
ber candidate BS indication message has been received
from the MS 500. If the start timing point information is
not preset in the cooperative communication system,
then the start timing point information for the radio front
haul link monitoring window may be included in the co-
operative cell member candidate BS indication.

[0074] The serving BS 550 broadcasts a radio front
haul link set up notification message, including informa-
tion on a neighbor BS with which the serving BS 550 will
set up a radio front haul link in the radio front haul link
monitoring window, in operation 516. For example, in
FIG. 5, itis assumed that the information on the neighbor
BS included in the radio front haul link set up notification
message is BS information on the neighbor BS 2 570.
Eventhough both of the neighbor BS 1 560 and the neigh-
bor BS 2 570 receive the radio front haul link set up no-
tification message broadcast from the serving BS 550,
the BS information on the neighbor BS 2 570 is included
in the radio front haul link set up notification message,
so the neighbor BS 1 560 may discard the received radio
front haul link set up notification message and the neigh-
bor BS 2 570 may transmit a radio front haul link set up
confirm message indicating that the neighbor BS 2 570
accepts or rejects to set up the radio front haul link with
the serving BS 550 (not shown in FIG. 5). The radio front
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haul link set up confirm message may include a rejection
reason if the neighbor BS 2 570 rejects the setting up of
the radio front haul link with the serving BS 550, and the
rejection reason has been described in FIG. 4, so a de-
tailed description will be omitted herein.

[0075] The neighbor BS 2 570 transmits a radio front
haul link access request message to the serving BS 550
according to the receiving of the radio front haul link set
up message in operation 518. After receiving the radio
fronthaul link access request message from the neighbor
BS 2 570, the serving BS 550 transmits a radio front haul
link access response message, as a response message
to the radio front haul link access request message, to
the neighbor BS 2 570 in operation 520. Here, operations
518 and 520 correspond to an operation indicating a start
of aradio fronthaul link set up operation and an operation
in which a synchronization between the serving BS 550
and the neighbor BS 2 570 is acquired. The serving BS
550 and the neighbor BS 2 570 set parameters to be
used in the radio front haul link, such as radio front haul
link ID information, security key information and connec-
tion ID information in operation 522.

[0076] If the neighbor BS 2 570 additionally performs
aradio front haul link set up operation with other neighbor
BSs which the serving BS 550 manages, then the serving
BS 550 transmits a radio front haul link set up command
message to the neighbor BS 2 570 in operation 524. The
radio front haul link set up command message includes
BS information on the neighbor BSs with which the neigh-
bor BS 2 570 will additionally set up a radio front haul
link. Ifthe neighbor BS 1560 is a cooperative cellmember
BS, whichisincluded in a cooperative cell which the serv-
ing BS 550 manages, then the serving BS 550 performs
a cooperative cell member update operation with the
neighbor BS 1 560 in operation 526. During the cooper-
ative cell member update operation, the serving BS 550
may transmit a radio front haul link set up command mes-
sage, which indicates that the neighbor BS 1 560 will
perform a radio front haul link set up operation with the
neighbor BS 2 570, which is added to the cooperative
cell as a cooperative cell member BS, to the neighbor
BS 1 560.

[0077] If the neighbor BS 2 570 is included in the co-
operative cell which the serving BS 550 manages as a
cooperative cell member BS, then the serving BS 550
performs a cooperative cellmember BS update operation
with the neighbor BS 2 570 in operation 528. If a radio
front haul link has not been set up between the neighbor
BS 1 560 and the neighbor BS 2570, each of the neighbor
BS 1 560 and the neighbor BS 2 570 respectively per-
forms aradio front haul link set up operation in operations
530 and 532. The radio front haul link set up operations
in operations 530, 532 are identical to the radio front haul
link set up operations in operations 518 to 522, so a de-
tailed description will be omitted herein.

[0078] FIG. 6 schematically illustrates a process for
setting up a radio front haul link in a cooperative commu-
nication system according to an embodiment of the
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present disclosure.

[0079] Referring to FIG. 6, for example, the coopera-
tive communication system includes a serving BS 600,
a neighbor BS 1 660, a neighbor BS 2 670, and an MS
(not shown in FIG. 6).

[0080] The serving BS 600, the neighbor BS 1 660,
and the neighbor BS 2 670 respectively perform a radio
front haul link monitoring operation in operations 602,
604, and 606. The radio front haul link monitoring oper-
ations in operations 602, 604, and 606 are performed
based on related radio front haul link monitoring window
information, and each BS broadcasts a radio front haul
link set up notification message, including information on
neighbor BSs which will set up a radio front haul link with
respective BSs, in a related radio front haul link monitor-
ing window. The radio front haul link monitoring window
information is acquired through a SON server on aninitial
deployment of the BSs or is acquired through message
transmission and/or reception among the BSs, and in-
cludes information on a period, a start timing point and
a length of the radio front haul link monitoring window.
The period for the radio front haul link monitoring window
may be determined by considering a transmission period
of a measurement result report message for the MS.
[0081] If the radio front haul link monitoring operation
in the serving BS 600 is performed in operation 602, then
the neighbor BS 1660 and the neighbor BS 2 670 acquire
a synchronization with the serving BS 600, and monitor
whether the serving BS 600 transmits a radio front haul
link set up notification message. In operation 604, in
which the radio front haul link monitoring operation in the
neighbor BS 2 670 is performed, the serving BS 600 and
the neighbor BS 1 660 monitor whether the radio front
haul link set up notification message is transmitted from
the neighbor BS 2 670.

[0082] If the serving BS 600 has already set up the
radio front haul link with the neighbor BS 1 660, then the
serving BS 600 does not perform the radio front haul link
monitoring operation for the neighbor BS 1 660 in oper-
ation 602, and the neighbor BS 1 660 does not perform
the radio front haul link monitoring operation for the serv-
ing BS 600 in operation 606. If the serving BS 600 has
not already set up the radio front haul link with the neigh-
bor BS 1 660, then each of the serving BS 600 and the
neighbor BS 1 660 determines whether there is a need
for performing a radio front haul link set up operation by
monitoring whether a radio front haul link set up notifica-
tion message is transmitted in the radio front haul link
monitoring window.

[0083] The serving BS 600 receives a measurement
result report message from the MS to which the serving
BS 600 provides a service in operation 608. The serving
BS 600 determines neighbor BSs with which the serving
BS 600 will set up aradio front haul link based on a meas-
urementresultincluded in the received measurement re-
sult report message in operation 610. The serving BS
600 performs a radio front haul link monitoring operation
in operation 612. Each of the neighbor BS 1 660 and the
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neighbor BS 2 670 respectively performs a radio front
haul link monitoring prepare operation with the serving
BS 600 in operations 614 and 616.

[0084] The serving BS 600 broadcasts a radio front
haul link set up notification message on a radio front haul
link monitoring window of the serving BS 600 in operation
618. The radio front haul link set up notification message
includes BS information on neighbor BSs with which the
serving BS 600 will set up a radio front haul link, and, in
FIG. 6, itis assumed that BS information on the neighbor
BS 2 670 is included in the radio front haul link set up
notification message. Neighbor BSs which correspond
to BS information included in the radio front haul link set
up notification message, from among neighbor BSs
which receive the radio front haul link set up notification
message, such as the neighbor BS 1 660 and the neigh-
bor BS 2 670, may transmit a radio front haul link set up
confirm message as a response message to the radio
front haul link set up notification message (not shown in
FIG. 6). The radio front haul link set up confirm message
includes information indicating that a related BS accepts
or rejects the setting up of the radio front haul link with
the serving BS 600, and may include a rejection reason
if the information indicates that the related BS rejects the
setting up of the radio front haul link with the serving BS
600, if needed. In FIG. 6, it is assumed that the neighbor
BSs with which the serving BS 600 will set up the radio
front haul link are the neighbor BS 1 660 and the neighbor
BS 2 670.

[0085] The neighbor BS 1 660 transmits a radio front
haul link access request message to the serving BS 600
in operation 620. After receiving the radio front haul link
access request message from the neighbor BS 1 660,
the serving BS 600 transmits aradio fronthaul link access
response message, as a response message to the radio
front haul link access request message, to the neighbor
BS 1660 in operation 622. Here, operations 620 and 622
correspond to an operation indicating a start of a radio
front haul link set up operation and an operation in which
a synchronization between the serving BS 600 and the
neighbor BS 1 660 is acquired.

[0086] The serving BS 600 and the neighbor BS 1 660
set parameters to be used in the radio front haul link,
such as radio front haul link ID information, security key
information and connection ID information, in operation
624. The serving BS 600 performs the radio front haul
link set up operation with the neighbor BS 2 670. A de-
tailed description of the radio front haul link set up oper-
ation between the serving BS 600 and the neighbor BS
2 670 follows.

[0087] The neighbor BS 2 670 transmits a radio front
haul link access request message to the serving BS 600
in operation 626. After receiving the radio front haul link
access request message from the neighbor BS 2 670,
the serving BS 600 transmits aradio fronthaul link access
response message, as a response message to the radio
front haul link access request message, to the neighbor
BS 2 670 in operation 628. The serving BS 600 and the
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neighbor BS 2 670 set parameters to be used in a radio
front haul link, such as a radio front haul link ID informa-
tion, security key information and connection ID informa-
tion, in operation 630. If the neighbor BS 1 660 and the
neighbor BS 2 670 are included into a cooperative cell
which the serving BS 600 manages as cooperative cell
member BSs, then the serving BS 600 performs a coop-
erative cell member update operation with each of the
neighbor BS 1 660 and the neighbor BS 2 670 in opera-
tions 632 and 634.

[0088] If the neighbor BS 1 660 and the neighbor BS
2 670 perform aradio front haul link set up operation with
other cooperative cell member BSs included in the co-
operative cell which the serving BS 600 manages, then
the serving BS 600 may transmit a radio front haul link
set up command message to the neighbor BS 1 660 and
the neighbor BS 2 670 in operations 632 and 634. The
radio front haul link set up command message includes
BS information on the other neighbor BSs with which
each of the neighbor BS 1 660 and the neighbor BS 2
670 will additionally set up a radio front haul link.
[0089] If the radio front haul link has not been set up
between the neighbor BS 1 660 and the neighbor BS 2
670, then each of the neighbor BS 1 660 and the neighbor
BS 2 670 respectively performs a radio front haul link set
up operation in operations 636 and 638. In the radio front
haul link set up operation in operations 636 and 638, an
operation corresponding to the operations 620 to 630 is
performed.

[0090] In FIG. 6, each BS separately operates a radio
front haul link monitoring window in a radio front haul link
set up process. On the other hand, BSs may operate a
radio front haul link monitoring window by cooperating
with each other, a detailed description of a radio front
haul link set up operation for this case will be given with
reference to FIGS. 7a and 7b.

[0091] FIGS. 7aand 7b schematically illustrate a proc-
ess for setting up a radio front haul link in a cooperative
communication system according to an embodiment of
the present disclosure.

[0092] Referring to FIGS. 7a and 7b, for example, the
cooperative communication system includes a serving
BS 700, a neighbor BS 1 770, a neighbor BS 2 780, and
an MS (not shown in FIGS. 7a-7b).

[0093] The serving BS 700 and the neighbor BS 1 770
perform a radio front haul link monitoring operation in
operation 702, the neighbor BS 1 770 and the neighbor
BS 2 780 perform a radio front haul link monitoring op-
eration in operation 704, and the serving BS 700 and the
neighbor BS 2 780 perform a radio front haul link moni-
toring operation in operation 706. The radio front haul
link monitoring operations in operations 702 to 706 are
performed according to related radio front haul link mon-
itoring window information.

[0094] The radio front haul link monitoring window in-
formation is acquired through a SON server on an initial
deployment for the BSs 700, 770, and 780, or is acquired
through message transmission and/or reception among
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the BSs, and includes, for example, information on a pe-
riod, a start timing point and a length of the radio front
haul link monitoring window. The period of the radio front
haul link monitoring window may be determined by con-
sidering a transmission period of a measurement result
report message for the MS.

[0095] The BSs transmit and/or receive a radio front
haul link set up notification message from among the BSs
upon performing the radio front haul link monitoring op-
eration. In this case, for example, an order of BSs which
transmit the radio front haul link set up notification mes-
sage may be determined when the BSs are initially de-
ployed.

[0096] The serving BS 700 receives a measurement
result report message from the MS to which the serving
BS 700 provides a service in operation 708. The serving
BS 700 determines neighbor BSs with which the serving
BS 700 will set up a radio front haul link based on a meas-
urement resultincluded in the measurement result report
message in operation 710. In FIGS. 7a and 7b, it is as-
sumed thatthe serving BS 700 determined that the neigh-
bor BS 2 780 is the neighbor BS with which the serving
BS 700 will set up the radio front haul link.

[0097] The serving BS 700 performs a prepare oper-
ation for performing the radio front haul link monitoring
operation with the neighbor BS 2 780 in operation 712.
The neighbor BS 2 780 performs a prepare operation for
performing the radio front haul link monitoring operation
with the serving BS 700 in operation 714. In the radio
front haul link monitoring operation, it is assumed that
the serving BS 700 first transmits a radio front haul link
set up notification message in operation 716.

[0098] InFIGS. 7aand 7b, itis assumed that the serv-
ing BS 700 selects the neighbor BS 2 780 to be the neigh-
bor BS which will set up a radio front haul link with the
serving BS 700 in operation 710. So, the serving BS 700
notifies the neighbor BS 2 780 that the neighbor BS 2
780 will perform a radio front haul link set up operation
with the serving BS 700 by transmitting a radio front haul
link set up notification message to the neighbor BS 2 780.
The radio front haul link set up notification message may
include information on other neighbor BSs which will ad-
ditionally set up a radio front haul link with the neighbor
BS 2 780. The neighbor BS 2 780 may transmit a radio
front haul link set up confirm message as a response
message to the radio front haul link set up notification
message (notshown in FIGS. 7a and 7b). The radio front
haul link set up confirm message includes information
indicating that a related BS accepts or rejects the setting
up of a radio front haul link with the serving BS 700, and
may include a rejection reasonif the information indicates
that the related BS rejects the setting up of the radio front
haul link with the serving BS 700.

[0099] The neighbor BS 2 780 transmits a radio front
haul link access request message to the serving BS 700
in operation 718. After receiving the radio front haul link
access request message from the neighbor BS 2 780,
the serving BS 700 transmits aradio fronthaul link access
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response message, as a response message to the radio
front haul link access request message, to the neighbor
BS 2 780 in operation 720. Here, operations 718 to 720
correspond to an operation indicating a start of a radio
front haul link set up operation between the serving BS
700 and the neighbor BS 2 780 and an operation in which
a synchronization between the serving BS 700 and the
neighbor BS 2 780 is acquired. The serving BS 700 and
the neighbor BS 2 780 set parameters to be used in a
radio front haul link, such as a radio front haul link ID
information, security key information and connection ID
information in operation 722.

[0100] Each ofthe neighbor BS 1770 and the neighbor
BS 2 780 performs a prepare operation for performing a
radio front haul link monitoring operation in operations
724 and 726. Here, the neighbor BS 1 770 and the neigh-
borBS 2780 determine whether there is a need for setting
up a radio front haul link between the neighbor BS 1 770
and the neighbor BS 2 780 in operations 724 and 726.
In FIGS. 7a and 7b, it is assumed that BS information on
the neighbor BS 1 770 is included in the radio front haul
link set up notification message received in operation 716
and that the neighbor BS 2 780 first transmits a radio
front haul link set up notification message. As shown in
FIG. 7b, the neighbor BS 2 780 transmits the radio front
haul link set up notification message to the neighbor BS
1770 in operation 728. For example, the radio front haul
link set up notification message transmitted in operation
728 may include an indicator indicating that there is a
need for setting up a radio front haul link with the neighbor
BS 2 780, and information on other neighbor BSs with
which the neighbor BS 1 770 will additionally set up a
radio front haul link.

[0101] The neighbor BS 1 770 may be informed that
the neighbor BS 1 770 will set up the radio front haul link
with the neighbor BS 2 780 according to the receiving of
the radio front haul link set up notification message. The
neighbor BS 1 770 may transmit a radio front haul link
set up confirm message as a response message to the
radio front haul link set up notification message (not
shown in FIGS. 7a and 7b). The radio front haul link set
up confirm message includes information indicating that
a related BS accepts or rejects the setting up of a radio
front haul link with the neighbor BS 2 780, and may in-
clude a rejection reason if the information indicates that
the related BS rejects to set up the radio front haul link
with the neighbor BS 2 780.

[0102] After receiving the radio front haul link set up
notification message, the neighbor BS 1 770 transmits a
radio front haul link access request message to the neigh-
bor BS 2 780 in operation 730. After receiving the radio
front haul link access request message from the neighbor
BS 1 770, the neighbor BS 2 780 transmits a radio front
haul link access response message, as a response mes-
sage to the radio front haul link access request message,
to the neighbor BS 1 770 in operation 732. The neighbor
BS 1 770 and the neighbor BS 2 780 set parameters to
be used in the radio front haul link, such as radio front
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haullink ID information, security key information and con-
nection ID information in operation 734.

[0103] Each of the serving BS 700 and the neighbor
BS 1 770 performs a prepare operation for performing a
radio front haul link monitoring operation in operations
736 and 738. If the serving BS 700 first transmits a radio
front haul link set up notification message upon perform-
ing the radio front haul link monitoring operation, then
the serving BS 700 transmits a radio front haul link set
up notification message to the neighbor BS 1 770 in op-
eration 740. The radio front haul link set up notification
message transmitted in operation 740 includes an indi-
cator indicating that there is a need for setting up a radio
front haul link with the serving BS 700 and includes BS
information on other neighbor BSs with which the neigh-
bor BS 1 770 will additionally set up a radio front haul link.
[0104] After receiving the radio front haul link set up
notification message from the serving BS 700, the neigh-
bor BS 1 770 may transmit a response message to the
radio front haul link set up notification message (not
shown in FIGS. 7a and 7b). The response message to
the radio front haul link set up notification message in-
cludes information indicating that a related BS accepts
or rejects the setting up of the radio front haul link with
the serving BS 700, and may include a rejection reason
if the information indicates that the related BS rejects to
set up the radio front haul link with the serving BS 700.
[0105] After receiving the radio front haul link set up
notification message from the serving BS 700, the neigh-
bor BS 1 770 transmits a radio front haul link access
request message to the serving BS 700 in operation 742.
After receiving the radio front haul link access request
message from the neighbor BS 1 770, the serving BS
700 transmits a radio front haul link access response
message, as a response message to the radio front haul
link access request message, to the neighbor BS 1 770
in operation 744. The serving BS 700 and the neighbor
BS 1 770 set parameters to be used in the radio front
haul link, such as radio front haul link ID information, se-
curity key information and connection ID information in
operation 746.

[0106] If the neighbor BS 1 770 and the neighbor BS
2780areincludedin a cooperative cell, which the serving
BS 700 manages, as cooperative cell member BSs, then
the serving BS 700 performs a cooperative cell member
update operation with the neighbor BS 1 770 and the
neighbor BS 2 780 in operations 748 and 750.

[0107] FIG. 8 schematically illustrates a process for
setting up a radio front haul link in a cooperative commu-
nication system according to an embodiment of the
present disclosure.

[0108] Referring to FIG. 8, for example, the coopera-
tive communication system includes an MS 800, a serv-
ing BS 850, a neighbor BS 1 860, and a neighbor BS 2
870.

[0109] The serving BS 800, the neighbor BS 1 860,
and the neighbor BS 2 870 perform a radio front haul link
monitoring operation in operations 802, 804, and 806.
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The radio front haul link monitoring operations in opera-
tions 802, 804, and 806 are performed based on related
radio front haul link monitoring window information. The
radio front haul link monitoring window information is ac-
quired through a SON server on an initial deployment for
the BSs 800, 850, 860, and 870 or are acquired through
message transmission and/or reception among the BSs
800, 850, 860, and 870, and includes information on a
period, a start timing point and a length of the radio front
haullink monitoring window. The period for the radio front
haul link monitoring window may be determined by con-
sidering a transmission period of a measurement result
report message for the MS 800.

[0110] While the MS 800 receives a communication
service from the serving BS 850 in operation 808, the
MS 800 performs a measurement operation for the serv-
ing BS 850 and neighbor BSs in operation 810 and trans-
mits a measurement result report message to the serving
BS 850 in order to report a measurement result, accord-
ing to the performing of the measurement operation, in
operation 812. The measurement result report message
includes BS information on neighbor BSs which may pro-
vide a service to the MS 800 by cooperating with the
serving BS 850 and a measurement result for neighbor
BSs. InFIG. 8, itis assumed that the neighbor BSs which
may provide the service to the MS 800 by cooperating
with the serving BS 850 are the neighbor BS 1 860 and
the neighbor BS 2 870.

[0111] After receiving the measurement result report
message, the serving BS 850 determines whether there
is a need for setting up a radio front haul link with the
neighbor BS 1 860 and the neighbor BS 2 870 (not shown
in FIG. 8). The MS 800 respectively transmits a cooper-
ative cell member candidate BS indication message, in-
dicating that a related BS is a cooperative cell member
candidate BS and will set up a radio front haul link with
the serving BS 850, to both the neighbor BS 1 860 and
the neighbor BS 2 870 in operations 814 and 816. For
example, the cooperative cell member candidate BS in-
dication message may be implemented in form of a mes-
sage including MS ID information of the MS 800 and BS
ID information of the serving BS 850, or a scrambling
code, or any other similar and/or suitable form or format.
[0112] After receiving the cooperative cell member
candidate BS indication message, each of the neighbor
BS 1 860 and the neighbor BS 2 870 determines whether
a radio front haul link has been already set up with the
serving BS 850 or wherein there is a need for setting up
the radio front haul link with the serving BS 850 (not
shown in FIG. 8).

[0113] The serving BS 850 performs a radio front haul
link monitoring prepare operation in operation 818. Each
of the neighbor BS 1 860 and the neighbor BS 2 870
respectively performs a radio front haul link monitoring
prepare operation with the serving BS 850 in operations
820 and 822. The serving BS 850 broadcasts a radio
front haul link set up notification message according to
the performing of the radio front haul link monitoring op-
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eration in operation 824. The radio front haul link set up
notification message includes BS information on neigh-
bor BSs with which the serving BS 850 will set up a radio
front haul link. In FIG. 8, it is assumed that the neighbor
BSs with which the serving BS 850 will set up the radio
front haul link are the neighbor BS 1 860 and the neighbor
BS 2 870.

[0114] Eachofthe neighborBS 1 860 and the neighbor
BS 2 870 may transmit a radio front haul link set up con-
firm message, as a response message to the radio front
haul link set up notification message, to the serving BS
850 (not shown in FIG. 8). The radio front haul link set
up confirm message includes information indicating that
arelated BS accepts or rejects the setting up of a radio
front haul link with the serving BS 850, and may include
a rejection reason if the information indicates that the
related BS rejects to set up the radio front haul link with
the serving BS 850.

[0115] After receiving the radio front haul link setup
notification message, the neighbor BS 1 860 and the
neighbor BS 2 870 perform a radio front haul link setup
operation with the serving BS 850.

[0116] The neighbor BS 1 860 transmits a radio front
haul link access request message to the serving BS 850
in operation 826. After receiving the radio front haul link
access request message, the serving BS 850 transmits
a radio front haul link access response message, as a
response message to the radio front haul link access
request message, to the neighbor BS 1 860 in operation
828. Here, operations 826 and 828 correspond to an op-
eration indicating a start of a radio front haul link set up
operation and an operation in which a synchronization
between the serving BS 850 and the neighbor BS 1 860
is acquired.

[0117] The serving BS 850 and the neighbor BS 1 860
set parameters to be used in the radio front haul link,
such as radio front haul link ID information, security key
information and connection ID information in operation
830. The neighbor BS 2 870 transmits a radio front haul
link access request message to the serving BS 850 in
operation 832. After receiving the radio front haul link
access request message from the neighbor BS 2 870,
the serving BS 850 transmits aradio fronthaul link access
response message, as a response message to the radio
front haul link access request message, to the neighbor
BS 2 870 in operation 834. The serving BS 850 and the
neighbor BS 2 870 set parameters to be used in the radio
front haul link, such as radio front haul link ID information,
security key information and connection ID information
in operation 836.

[0118] If the neighbor BS 1 860 and the neighbor BS
2870areincludedin a cooperative cell, which the serving
BS 850 manages, as cooperative cell member BSs, then
the serving BS 850 performs a cooperative cell member
update operation with the neighbor BS 1 860 and the
neighbor BS 2 870 in operations 838 and 840. If neighbor
BS 1 860 and the neighbor BS 2 870 are to perform a
radio front haul link set up operation with other cooper-
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ative cellmember BS which the serving BS 850 manages,
then, although not shown, the serving BS 850 additionally
transmits a radio front haul link setup command message
to the neighbor BS 1 860 in operation 838. Also, although
not shown, the serving BS 850 transmits a radio front
haul link set up command message to the neighbor BS
2 870 in operation 840. The radio front haul link set up
command message includes BS information on neighbor
BSs with which the neighbor BS 1 860 and the neighbor
BS 2 870 will additionally set up a radio front haul link.
[0119] The neighbor BS 1 860 and the neighbor BS 2
870 perform a radio front haul link set up operation in
operations 842 and 844. In the radio front haul link set
up operations in operations 842 and 844, the operations
in operations 826 to 836 may be performed.

[0120] FIGS. 9a and 9b schematically illustrate a proc-
ess for setting up a radio front haul link in a cooperative
communication system according to an embodiment of
the present disclosure.

[0121] Referring to FIGS. 9a and 9b, for example, the
cooperative communication system includes an MS 900,
a serving BS 960, a neighbor BS 1 970, and a neighbor
BS 2 980.

[0122] The serving BS 960 and the neighbor BS 2 980
perform a radio front haul link monitoring operation in
operation 902, the neighbor BS 1 970 and the neighbor
BS 2 980 perform a radio front haul link monitoring op-
eration in operation 904, and the serving BS 960 and
neighbor BS 1 970 perform a radio front haul link moni-
toring operation in operation 906.

[0123] While the MS 900 receives a communication
service from the serving BS 960 in operation 908, the
MS 900 performs a measurement operation for the serv-
ing BS 960 and neighbor BSs in operation 910 and trans-
mits a measurement result report message to the serving
BS 960in order to report a measurement resultaccording
to performing the measurement operation in operation
912. The measurement result report message includes
BS information on neighbor BSs which may provide a
service to the MS 900 by cooperating with the serving
BS 960 and a measurement result for neighbor BSs. In
FIGS. 9a and 9b, it is assumed that the neighbor BSs,
which may provide the service to the MS 900 by coop-
erating with the serving BS 960, are the neighbor BS 1
970 and the neighbor BS 2 980. After receiving the meas-
urement result report message, the serving BS 960 de-
termines whether there is a need for setting up a radio
front haul link with the neighbor BS 1 970 and the neigh-
bor BS 2 980 (not shown in FIGS. 9a and 9b).

[0124] The MS 900 transmits a cooperative cell mem-
ber candidate BS indication message indicating that a
related BS is a cooperative cell member candidate BS
and that it will setup a radio front haul link with the serving
BS 960 to the neighbor BS 1 970 and the neighbor BS 2
980 in operations 914 and 916. For example, the coop-
erative cell member candidate BS indication message
may be implemented in form of a message including MS
ID information of the MS 900 and BS ID information of
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the serving BS 960, or a scrambling code, or may be
implemented in any suitable form or format.

[0125] After receiving the cooperative cell member
candidate BS indication message, each of the neighbor
BS 1970 and the neighbor BS 2 980 determines whether
a radio front haul link has been already set up with the
serving BS 960 or whether there is a need for setting up
the radio front haul link with the serving BS 960 (not
shown in FIG. 9).

[0126] The serving BS 960 performs a radio front haul
link monitoring prepare operation with the neighbor BS
2980 in operation 918. The neighbor BS 2 980 performs
a radio front haul link monitoring prepare operation with
the serving BS 960 in operation 920.

[0127] If the serving BS 960 determines that the serv-
ing BS 960 will set up a radio front haul link with the
neighbor BS 2 980, based on a measurement result in-
cluded in the measurement result report message re-
ceived from the MS 900, then the serving BS 960 notifies
the neighbor BS 2 980 that the neighbor BS 2 980 will
perform a radio front haul link set up operation with the
serving BS 960 by transmitting a radio front haul link set
up notification message to the neighbor BS 2 980 in op-
eration 922. The radio front haul link set up notification
message includes BS information on neighbor BSs with
which the neighbor BS 2 980 will additionally set up a
radio front haul link. In FIGS. 9a and 9b, it is assumed
that the neighbor BS with which the neighbor BS 2 980
will additionally set up the radio front haul linkis the neigh-
bor BS 1 970.

[0128] The neighbor BS 2 980 may transmit a radio
front haul link set up confirm message, as a response
message to the radio front haul link set up notification
message, to the serving BS 960 (not shown in FIGS. 9a
and 9b). The radio front haul link set up confirm message
includes information indicating that a related BS accepts
or rejects the setting up of a radio front haul link with the
serving BS 960, and may include a rejection reason if
the information indicates that the related BS rejects to
set up the radio front haul link with the serving BS 960.
[0129] The neighbor BS 2 980 transmits a radio front
haul link access request message to the serving BS 960
in operation 924. After receiving the radio front haul link
access request message from the neighbor BS 2 980,
the serving BS 960 transmits aradio fronthaul link access
response message, as a response message to the radio
front haul link access request message, to the neighbor
BS 2980 in operation 926. Here, operations 924 and 926
correspond to an operation indicating a start of a radio
front haul link set up operation and an operation in which
a synchronization between the serving BS 960 and the
neighbor BS 2 980 is acquired. The serving BS 960 and
the neighbor BS 2 980 set parameters to be used in the
radio front haul link, such as radio front haul link ID infor-
mation, security key information and connection ID infor-
mation in operation 928.

[0130] The neighbor BS 1 970 and the neighbor BS 2
980 perform a radio front haul link monitoring prepare
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operation in operations 930 and 932. In operations 930
and 932, each of the neighbor BS 1 970 and the neighbor
BS 2 980 determines whether there is a need for setting
up a radio front haul link between the neighbor BS 1 970
and the neighbor BS 2 980. In FIGS. 9a and 9b, it is
assumed that the neighbor BS 2 980 first transmits a
radio front haul link set up notification message. The
neighbor BS 2 980 transmits the radio front haul link set
up notification message to the neighbor BS 1 970 in op-
eration 934, as shown in FIG. 9b. The radio front haul
link set up notification message includes an indicator in-
dicating that the neighbor BS 1 970 will set up a radio
front haul link with the neighbor BS 2 980 and information
on other neighbor BSs with which the neighbor BS 1 970
will additionally set up a radio front haul link. The neighbor
BS 1 970 may transmit a radio front haul link set up con-
firm message, as a response message to the radio front
haul link set up notification message, to the neighbor BS
2 980 (not shown in FIGS. 9a and 9b). The radio front
haul link set up confirm message includes information
indicating that the neighbor BS 1 970 accepts or rejects
the setting up of a radio front haul link with the neighbor
BS 2 980, and may include a rejection reason if the in-
formation indicates that the neighbor BS 1 970 rejects
the setting up of the radio front haul link with the neighbor
BS 2 980. The neighbor BS 1 970 transmits a radio front
haul link access request message to the neighbor BS 2
980 in operation 936. After receiving the radio front haul
link access request message from the neighbor BS 1
970, the neighbor BS 2 980 transmits a radio front haul
link access response message, as a response message
to the radio front haul link access request message, to
the neighbor BS 1 970 in operation 938. The neighbor
BS 1 970 and the neighbor BS 2 980 set parameters to
be used in the radio front haul link, such as radio front
haullink ID information, security key information and con-
nection ID information in operation 940.

[0131] The serving BS 960 and the neighbor BS 1 970
perform a radio front haul link monitoring prepare oper-
ation is operations 942 and 944. If the serving BS 960
first transmits a radio front haul link set up notification
message upon performing the radio front haul link mon-
itoring prepare operation, then the serving BS 960 trans-
mits the radio front haul link set up notification message
to the neighbor BS 1 970 in operation 946. The radio front
haullink set up notification message includes an indicator
indicating that the neighbor BS 1 970 will set up a radio
front haul link with the serving BS 960 and includes in-
formation on other neighbor BSs with which the neighbor
BS 1 970 will additionally set up a radio front haul link.
The neighbor BS 1 970 may transmit a radio front haul
link set up confirm message as a response message to
the radio front haul link set up notification message to
the serving BS 960 (not shown in FIGS. 9a and 9b). The
radio front haul link set up confirm message includes in-
formation indicating that the neighbor BS 1 970 accepts
or rejects the setting up of a radio front haul link with the
serving BS 960, and may include a rejection reason if
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the information indicates that the neighbor BS 1 970 re-
jects to set up the radio front haul link with the serving
BS 960.

[0132] The neighbor BS 1 970 transmits a radio front
haul link access request message to the serving BS 960
in operation 948. After receiving the radio front haul link
access request message from the neighbor BS 1 970,
the serving BS 960 transmits aradio fronthaul link access
response message, as a response message to the radio
front haul link access request message, to the neighbor
BS 1 970 in operation 950. The serving BS 960 and the
neighbor BS 1 970 set parameters to be used in a radio
front haul link, such as radio front haul link ID information,
security key information and connection ID information
in operation 952.

[0133] If the neighbor BS 1 970 and the neighbor BS
2980 areincludedin a cooperative cell, which the serving
BS 960 manages, as a cooperative cell member BS, then
the serving BS 960 performs a cooperative cell member
update operation with each of the neighbor BS 1 970 and
the neighbor BS 2 980 in operations 954 and 956.
[0134] As described in FIGS. 6 to 9b, if a radio front
haul link monitoring operation is periodically performed,
it may be considered that a message indicating that there
is a need for adjusting a period for the radio front haul
link monitoring operation, instead of a radio front haul
link set up notification message, is transmitted among
BSs. In this case, it is unnecessary to set up radio front
haullinks among the BSs, however a transmission period
for the radio front haul link set up notification message
may be reduced, thereby dynamically performing a radio
front haul link set up among the BSs by reflecting a
change status for a measurement result of an MS.
[0135] FIG. 10 schematically illustrates a process for
setting up a radio front haul link in a cooperative commu-
nication system according to an embodiment of the
present disclosure.

[0136] Referring to FIG. 10, for example, the cooper-
ative communication system includes a serving BS 1000,
a neighbor BS 1 1050, a neighbor BS 2 1060, a SON
server 1070, and an MS (not shown in FIG. 10).

[0137] Referring to FIG. 10, the serving BS 1000 re-
ceives a measurement report message from the MS in
operation 1002. The serving BS 1000 selects neighbor
BSs with which the serving BS 1000 will set up a radio
front haul link according to a measurement result includ-
ed in the measurement report message in operation
1004. The serving BS 1000 requests the neighbor BSs
selected in operation 1004 to transmit a wake up mes-
sage indicating that there is a need for setting up a radio
front haul link by transmitting a radio front haul link set
up help message to the SON server 1070 in operation
1006. The radio front haul link set up help message in-
cludes BS ID information on a BS which requests the
setting up of the radio front haul link, i.e., the serving BS
1000, BS ID information on a neighbor BS which requires
a radio front haul link set up, and radio front haul link
monitoring window information, such as a start timing
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point information and length information for a radio front
haul link monitoring window. In FIG. 10, it is assumed
that the neighbor BS which requires the radio front haul
link set up is the neighbor BS 1 1050.

[0138] After receiving the radio front haul link set up
help message, the SON server 1070 transmits a wake
up message, indicating that the neighbor BS 1 1050 will
set up a radio front haul link with the serving BS 1000,
to the neighbor BS 1 1050 in operation 1008. After re-
ceiving the wake up message, the neighbor BS 1 1050
performs a radio front haul link monitoring prepare oper-
ation for the serving BS 1000 according to the radio front
haul link monitoring window information included in the
wake up message in operation 1012.

[0139] The serving BS 1000 performs aradio front haul
link monitoring prepare operation in operation 1010.
[0140] The serving BS 1000 broadcasts a radio front
haul link search preamble message in operation 1014.
The radio front haul link search preamble message in-
cludes BS ID information on the serving BS 1000, and is
used as a reference signal to neighbor BSs with which
the serving BS 1000 will perform an initial radio front haul
link set up operation or perform an radio front haul link
re-set up operation.

[0141] Atfter receiving the radio front haul link search
preamble message from the serving BS 1000, the neigh-
bor BS 1 1050 transmits a radio front haul link set up
notification message to the serving BS 1000 in operation
1016. Theradio fronthaul link set up notification message
may be implemented in a message including BS ID in-
formation of the neighbor BS 1 1050 or a code which is
scrambled with the BS ID information of the neighbor BS
1 1050. After receiving the radio front haul link set up
notification message from the neighbor BS 1 1050, the
serving BS 1000 transmits a radio front haul link set up
notification response message, as a response message
to the radio front haul link set up notification message,
to the neighbor BS 1 1050 in operation 1018.

[0142] The serving BS 1000 and the neighbor BS 1
1050 perform a radio front haul link set up operation in
operations 1020 and 1022. The serving BS 1000 and the
neighbor BS 1 1050 acquire link synchronization, and set
parameters to be used in the radio front haul link, such
as radio front haul link ID information, security key infor-
mation and connection ID information in operation 1024.
[0143] If the neighbor BS 1 1050 is to perform a radio
front haul link set up operation with other neighbor BSs,
which the serving BS 1000 manages, then the serving
BS 1000 transmits a radio front haul link set up command
message to the neighbor BS 1 1050 in operation 1026.
The radio front haul link set up command message in-
cludes BS information on other neighbor BSs with which
the serving BS 1000 will set up a radio front haul link. If
the neighbor BS 1 1050 is included in a cooperative cell,
which the serving BS 1000 manages, as a cooperative
cell member BS, then the serving BS 1000 performs a
cooperative cell member update operation with the
neighbor BS 1 1050 in operation 1028.
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[0144] If the neighbor BS 2 1060 is included into the
cooperative cell, which the serving BS 1000 manages,
as a cooperative cell member BS, then the serving BS
1000 performs a cooperative cell member update oper-
ation with the neighbor BS 2 1060 in operation 1030.
During the cooperative cell member update operation of
operation 1030, the serving BS 1000 may transmit a radio
front haul link command message, indicating that the
neighbor BS 2 1060 will perform a radio front haul link
set up operation with the neighbor BS 1 1050, which is
included in the cooperative cell as the cooperative cell
member BS, to the neighbor BS 2 1060 in operation 1030.
Each of the neighbor BS 1 1050 and the neighbor BS 2
1060 performs a radio front haul link set up operation in
operations 1032 and 1034. In the operations in opera-
tions 1032 and 1034, the operations in operations 1014
to 1024 may be performed.

[0145] FIG. 11 schematically illustrates an internal
structure of a serving BS in a cooperative communication
system according to an embodiment of the present dis-
closure.

[0146] ReferringtoFIG.11,aservingBS 1100 includes
a transmitter 1111, a controller 1113, a receiver 1115,
and a memory 1117.

[0147] The controller 1113 controls the overall opera-
tion of the serving BS 1100. In particular, the controller
1113 controls the serving BS 1100 to perform operations
corresponding to a method for setting up a radio front
haul link. The operations corresponding to the method
for setting up the radio front haul link are performed in
the manner described before with reference to FIGS. 2
to 10, so a detailed description thereof will be omitted
herein.

[0148] The transmitter 1111 transmits signal and mes-
sages to a SON server, neighbor BSs and MSs under a
control of the controller 1113. Thereceiver 1115 receives
signal and messages from the SON server, the neighbor
BSs and the MSs under a control of the controller 1113.
The memory 1117 stores programs and data related to
the operations corresponding to the method for setting
up the radio front haullink in the serving BS 1100in FIGS.
2to 10.

[0149] While the transmitter 1111, the controller 1113,
the receiver 1115, and the memory 1117 are shown in
FIG. 11 as separate units, it is to be understood that this
is for merely convenience of description. In other words,
two or more of the transmitter 1111, the controller 1113,
the receiver 1115, and the memory 1117 may be incor-
porated into a single unit.

[0150] FIG. 12 schematically illustrates an internal
structure of a neighbor BS in a cooperative communica-
tion system according to an embodiment of the present
disclosure.

[0151] Referring to FIG. 12, a neighbor BS 1200 in-
cludes a transmitter 1211, a controller 1213, a receiver
1215, and a memory 1217.

[0152] The controller 1213 controls the overall opera-
tion of the neighbor BS 1200. In particular, the controller
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1213 controls the neighbor BS 1200 to perform opera-
tions corresponding to a method for setting up a radio
front haul link. The operations corresponding to the meth-
od for setting up the radio front haul link are performed
in the manner described before with reference to FIGS.
2 to 10, so a detailed description thereof will be omitted
herein.

[0153] The transmitter 1211 transmits signal and mes-
sages to a SON server, a serving BS and MSs under a
control of the controller 1213. The receiver 1215 receives
signal and messages from the SON server, the serving
BS and the MSs under a control of the controller 1213.
The memory 1217 stores programs and data related to
the operations corresponding to the method for setting
up the radio front haul link in the neighbor BS 1200 in
FIGS. 2 to 10.

[0154] While the transmitter 1211, the controller 1213,
the receiver 1215, and the memory 1217 are shown in
FIG. 12 as separate units, it is to be understood that this
is for merely convenience of description. In other words,
two or more of the transmitter 1211, the controller 1213,
the receiver 1215, and the memory 1217 may be incor-
porated into a single unit.

[0155] FIG. 13 schematically illustrates an internal
structure of an MS in a cooperative communication sys-
tem according to an embodiment of the present disclo-
sure.

[0156] Referring to FIG. 13, an MS 1300 includes a
transmitter 1311, a controller 1313, a receiver 1315, and
a memory 1317.

[0157] The controller 1313 controls the overall opera-
tion of the MS 1300. In particular, the controller 1313
controls the MS 1300 to perform operations correspond-
ing to a method for setting up a radio front haul link. The
operations corresponding to the method for setting up
the radio front haul link are performed in the manner de-
scribed before with reference to FIGS. 2 to 10, so a de-
tailed description thereof will be omitted herein.

[0158] The transmitter 1311 transmits signal and mes-
sages to a serving BS and neighbor BSs under a control
of the controller 1313. The receiver 1315 receives signal
and messages from the serving BS and the neighbor BSs
under a control of the controller 1313. The memory 1317
stores programs and data related to the operations cor-
responding to the method for setting up the radio front
haul link in the MS 1300 in FIGS. 2 to 10.

[0159] While the transmitter 1311, the controller 1313,
the receiver 1315, and the memory 1317 are shown in
FIG. 13 as separate units, it is to be understood that this
is for merely convenience of description. In other words,
two or more of the transmitter 1311, the controller 1313,
the receiver 1315, and the memory 1317 may be incor-
porated into a single unit.

[0160] FIG. 14 schematically illustrates an internal
structure of a SON server in a cooperative communica-
tion system according to an embodiment of the present
disclosure.

[0161] Referring to FIG. 14, a SON server 1400 in-
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cludes a transmitter 1411, a controller 1413, a receiver
1415, and a memory 1417.

[0162] The controller 1413 controls the overall opera-
tion of the SON server 1400. In particular, the controller
1413 controls the SON server 1400 to perform operations
corresponding to a method for setting up a radio front
haul link. The operations corresponding to the method
for setting up the radio front haul link are performed in
the manner described before with reference to FIGS. 2
to 10, so a detailed description thereof will be omitted
herein.

[0163] The transmitter 1411 transmits signal and mes-
sages to a serving BS and neighbor BSs under a control
of the controller 1413. The receiver 1415 receives signal
and messages from the serving BS and the neighbor BSs
under a control of the controller 1413. The memory 1417
stores programs and data related to the operations cor-
responding to the method for setting up the radio front
haul link in the SON server 1400 in FIGS. 2 to 10.
[0164] While the transmitter 1411, the controller 1413,
the receiver 1415, and the memory 1417 are shown in
FIG. 14 as separate units, it is to be understood that this
is for merely convenience of description. In other words,
two or more of the transmitter 1411, the controller 1413,
the receiver 1415, and the memory 1417 may be incor-
porated into a single unit.

[0165] While the present disclosure has been shown
and described with reference to various embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the scope of the present
disclosure as defined by the appended claims and their
equivalents.

Claims

1. A method for setting up a radio front haul link by a
serving base station, BS, in a cooperative commu-
nication system, the method comprising:

receiving a measurement result report message
including a measurement result for each of the
serving BS and neighbor BSs from a mobile sta-
tion, MS;

determining at least one neighbor BS with which
the serving BS will set up a radio front haul link
according to the measurement result for each
of the serving BS and the neighbor BSs;
performing a radio front haul link set up opera-
tion with the at least one neighbor BS;

if the at least one neighbor BS is a cooperative
cell member BS included in a cooperative cell
managed by the serving BS, performing a co-
operative cellmember update operation with the
at least one neighbor BS.

2. The method of claim 1, further comprising:
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if there is at least one other neighbor BS with which
the at least one neighbor BS needs to additionally
set up a radio front haul link, controlling the at least
one neighbor BS to set up the radio front haul link
with the at least one other neighbor BS by notifying
the at least one neighbor BS that the at least one
neighbor BS needs to additionally set up the radio
front haul link with the at least one other neighbor BS.

The method of claim 1, further comprising:
transmitting a radio front haul link set up help mes-
sage which requests a self organizing network, SON,
server to transmit a wake up message, indicating
that the at least one neighbor BS needs to set up a
radio front haul link to the at least one neighbor BS,
to the SON server.

The method of claim 1, wherein the performing of
the radio front haul link set up operation with the at
least one neighbor BS comprises:

broadcasting a radio front haul link set up noti-
fication message, indicating that the neighbor
BSs needs to set up a radio front haul link with
the serving BS and including BS information on
the at least one neighbor BS, to neighbor BSs;
receiving a radio front haul link access request
message from the at least one neighbor BS;
transmitting a radio front haul link access re-
sponse message to the at least one neighbor
BS; and

setting parameters to be used in a radio front
haul link with the at least one neighbor BS.

5. A method for setting up a radio front haul link by a

neighbor base station, BS, in a cooperative commu-
nication system, the method comprising:

determining whether the neighbor BS will set up
a radio front haul link with a serving BS;
performing aradio fronthaul link setup operation
with the serving BS,

if there is at least one other neighbor BS with
which the neighbor BS needs to additionally set
up a radio front haul link, receiving a message
indicating that the neighbor BS needs to addi-
tionally set up a radio front haul link with the at
least one other neighbor BS from the serving
BS; and

performing aradio fronthaul link setup operation
with the at least one other neighbor BS.

The method of claim 5, wherein the performing of
the radio front haul link setup operation comprises:
performing the radio front haul link setup operation
with the serving BS according to radio front haul link
window information.
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The method of claim 6, wherein the radio front haul
link window information includes information on at
least one of a period, a start timing point and a length
of a radio front haul link monitoring window.

The method of claim 5, further comprising:

if the neighbor BS is a cooperative cell member BS
included in a cooperative cell managed by the serv-
ing BS, performing a cooperative cell member up-
date operation with the serving BS.

The method of claim 5, wherein the determining of
whether the neighbor BS will set up the radio front
haul link with the serving BS comprises:

receiving a wake up message indicating that the
neighbor BS will set up the radio front haul link with
the serving BS from a self organizing network, SON,
server.

The method of claim 5, wherein the performing of
the radio front haul link setup operation with the serv-
ing BS comprises:

receiving a radio front haul link set up notification
message indicating that the neighbor BS will set
up the radio front haul link with the serving BS
and including BS information on the neighbor
BS;

transmitting a radio front haul link access re-
quest message to the serving BS;

receiving aradio front haul link access response
message from the serving BS; and

setting parameters to be used in the radio front
haul link with the serving BS.

The method of claim 4 or 10, wherein the parameters
to be usedin the radio front haul link includes at least
one of radio front haul link identifier, ID, information,
security key information and connection ID informa-
tion.

A method for setting up a radio front haul link by a
mobile station, MS, in a cooperative communication
system, the method comprising:

performing a measurement operation for each
of aserving base station, BS, and neighbor BSs;
and

controlling the serving BS and the neighbor BSs
to perform a radio front haul link set up operation
by transmitting a measurement result report
message, including a measurement result for
each of the serving BS and the neighbor BSs,
to the serving BS,

wherein controlling the serving BS and the
neighbor BSs to perform the radio front haul link
set up operation comprises controlling the serv-
ing BS and at least one of the neighbor BSs to
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perform a cooperative cell member update op-
eration if the at least one of the neighbor BSs is
a cooperative cell member BS included in a co-
operative cell managed by the serving BS.

13. A serving base station, BS adapted to perform the

method of one of claims 1 to 4, and 11.

14. A neighbor base station, BS adapted to perform the

method of one of claims 5 to 11.

15. Amobile station, MS adapted to perform the method

of claim 12.

Patentanspriiche

1.

Verfahrenzum Einrichten einer Funk-Fronthaul-Ver-
bindung durch eine Basisstation, BS, mit Serving-
funktion, Serving-Basisstation, Serving-BS, in ei-
nem kooperativen Kommunikationssystem, wobei
das Verfahren Folgendes umfasst:

Empfangen einer Messergebnis-Berichtsmel-
dung, die ein Messergebnis fir jede der Serving-
BS und Nachbar-BS beinhaltet, von einer Mo-
bilstation, MS;

Ermitteln mindestens einer Nachbar-BS, mit der
die Serving-BS eine Funk-Fronthaul-Verbin-
dung einrichten wird, gemaR dem Messergebnis
fur jeder der Serving-BS und der Nachbar-BS;
Durchfiihren eines Funk-Fronthaul-Verbin-
dungs-Einrichtvorgangs mit der mindestens ei-
nen Nachbar-BS;

wenn die mindestens eine Nachbar-BS Mit-
glieds-BS einer kooperativen Zelle ist, die in ei-
ner kooperativen Zelle beinhaltet ist, die durch
die Serving-BS verwaltet wird, Durchfiihren ei-
nes Mitglieder-Aktualisierungsvorgang der koo-
perativen Zelle mit der mindestens einen Nach-
bar-BS.

Verfahren nach Anspruch 1, das ferner Folgendes
umfasst:

wenn es mindesten eine andere Nachbar-BS gibt,
mit der die mindestens eine Nachbar-BS zusatzlich
eine Funk-Fronthaul-Verbindung einrichten muss,
Steuern der mindestens einen Nachbar-BS, um die
Funk-Fronthaul-Verbindung mit der mindestens ei-
nen anderen Nachbar-BS einzurichten, durch Be-
nachrichtigen der mindestens einen Nachbar-BS,
dass die mindestens eine Nachbar-BS zusatzlich die
Funk-Fronthaul-Verbindung mit der mindestens ei-
nen anderen Nachbar-BS einrichten muss.

Verfahren nach Anspruch 1, das ferner Folgendes
umfasst:

Senden einer Funk-Fronthaul-Verbindungs-Ein-
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richthilfemitteilung, die einen Server eines selbstor-
ganisierenden Netzes, SON-Server, auffordert, eine
Aufweckmitteilung zu senden, die anzeigt, dass die
mindestens eine Nachbar-BS eine Funk-Fronthaul-
Verbindung zur mindestens einen Nachbar-BS ein-
richten muss, zum SON-Server.

Verfahren nach Anspruch 1, wobei das Durchfiihren
des Funk-Fronthaul-Verbindungs-Einrichtvorgangs
mit der mindestens einen Nachbar-BS Folgendes
umfasst:

Rundsenden einer Funk-Fronthaul-Verbin-
dungs-Einrichtbenachrichtigungsmitteilung an
Nachbar-BS, die anzeigt, dass die Nachbar-BS
eine Funk-Fronthaul-Verbindung mit der Ser-
ving-BS einrichten missen, und BS-Informatio-
nen Uber die mindestens eine Nachbar-BS be-
inhaltet;

Empfangen einer  Funk-Fronthaul-Verbin-
dungs-Zugangsanforderungsmitteilung von der
mindestens einen Nachbar-BS;

Senden einer Funk-Fronthaul-Verbindungs-Zu-
gangsantwortmitteilung zur mindestens einen
Nachbar-BS und

Einstellen von Parametern, die in einer Funk-
Fronthaul-Verbindung mit der mindestens einen
Nachbar-BS zu verwenden sind.

Verfahrenzum Einrichten einer Funk-Fronthaul-Ver-
bindung durch eine Nachbar-Basisstation, Nachbar-
BS, in einem kooperativen Kommunikationssystem,
wobei das Verfahren Folgendes umfasst:

Ermitteln, ob die Nachbar-BS eine Funk-Front-
haul-Verbindung mit einer Serving-BS einrich-
ten wird;

Durchfiihren eines Funk-Fronthaul-Verbin-
dungs-Einrichtvorgangs mit der Serving-BS,
wenn es mindesten eine andere Nachbar-BS
gibt, mit der die Nachbar-BS zusatzlich eine
Funk-Fronthaul-Verbindung einrichten muss,
Empfangen einer Mitteilung, die anzeigt, dass
die Nachbar-BS zusétzlich eine Funk-Front-
haul-Verbindung mit der mindestens einen an-
deren Nachbar-BS einrichten muss, von der
Serving-BS und

Durchfiihren eines Funk-Fronthaul-Verbin-
dungs-Einrichtvorgangs mit der mindestens ei-
nen anderen Nachbar-BS.

Verfahren nach Anspruch 5, wobei das Durchfiihren
des Funk-Fronthaul-Verbindungs-Einrichtvorgangs
Folgendes umfasst:

Durchfiihren des Funk-Fronthaul-Verbindungs-Ein-
richtvorgangs mit der Serving-BS gemaR Funk-
Fronthaul-Verbindungsfenster-Informationen.
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Verfahren nach Anspruch 6, wobei die Funk-Front-
haul-Verbindungsfenster-Informationen Informatio-
nen Uber mindestens eines von einem Zeitverlauf,
einem Startzeitpunkt und einer Lange eines Funk-
Fronthaul-Verbindungsiiberwachungsfensters be-
inhaltet.

Verfahren nach Anspruch 5, das ferner Folgendes
umfasst:

wenn die Nachbar-BS Mitglieds-BS einer koopera-
tiven Zelle ist, die in einer kooperativen Zelle bein-
haltet ist, die durch die Serving-BS verwaltet wird,
Durchfilhren eines Mitglieder-Aktualisierungsvor-
gangs der kooperativen Zelle mit der Serving-BS.

Verfahren nach Anspruch 5, wobei das Ermitteln, ob
die Nachbar-BS die Funk-Fronthaul-Verbindung mit
der Serving-BS einrichten wird, Folgendes umfasst:
Empfangen einer Aufweckmitteilung, die anzeigt,
dass die Nachbar-BS die Funk-Fronthaul-Verbin-
dung mit der Serving-BS einrichten wird, von einem
Server eines selbstorganisierenden Netzes, SON-
Server.

Verfahren nach Anspruch 5, wobei das Durchfiihren
des Funk-Fronthaul-Verbindungs-Einrichtvorgangs
mit der Serving-BS Folgendes umfasst:

Empfangen einer  Funk-Fronthaul-Verbin-
dungs-Einrichtbenachrichtigungsmitteilung, die
anzeigt, dass die Nachbar-BS die Funk-Front-
haul-Verbindung mit der Serving-BS einrichten
wird, und BS-Informationen (iber die Nachbar-
BS beinhaltet;

Senden einer Funk-Fronthaul-Verbindungs-Zu-
gangsanforderungsmitteilung zur Serving-BS;
Empfangen einer  Funk-Fronthaul-Verbin-
dungs-Zugangsantwortmitteilung von der Ser-
ving-BS und

Einstellen von Parametern, die in der Funk-
Fronthaul-Verbindung mit der Serving-BS zu
verwenden sind.

Verfahren nach Anspruch 4 oder 10, wobei die Pa-
rameter, die in der Funk-Fronthaul-Verbindung zu
verwenden sind, mindestens eines von Funk-Front-
haul-Verbindungs-ldentifikator-Informationen, -ID-
Informationen, Sicherheitsschllisselinformationen
und Verbindungs-ID-Informationen beinhalten.

Verfahrenzum Einrichten einer Funk-Fronthaul-Ver-
bindung durch eine Mobilstation, MS, in einem koo-
perativen Kommunikationssystem, wobei das Ver-
fahren Folgendes umfasst:

Durchfiihren eines Messvorgangs fir jede von
einer Basisstation mit Servingfunktion, Serving-
BS, und Nachbar-BS und
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Steuern der Serving-BS und der Nachbar-BS,
um einen Funk-Fronthaul-Verbindungs-Ein-
richtvorgang durchzufiihren, durch Senden ei-
ner Messergebnis-Berichtsmeldung, die ein
Messergebnis flr jede der Serving-BS und der
Nachbar-BS beinhaltet, zur Serving-BS,

wobei Steuern der Serving-BS und der Nach-
bar-BS, um den Funk-Fronthaul-Verbindungs-
Einrichtvorgang durchzufilhren, Steuern der
Serving-BS und mindestens einer der Nachbar-
BS, um einen Mitglieder-Aktualisierungsvor-
gang der kooperativen Zelle durchzufiihren, um-
fasst, wenn die mindestens eine der Nachbar-
BS eine Mitglieds-BS einer kooperativen Zelle
ist, die in einer kooperativen Zelle beinhaltet ist,
die durch die Serving-BS verwaltet wird.

13. Basisstation mit Servingfunktion, Serving-BS, die
ausgelegtist, das Verfahren nach einem der Anspri-
che 1 bis 4 und 11 durchzufiihren.

14. Nachbar-Basisstation, Nachbar-BS, die ausgelegt
ist, das Verfahren nach einem der Anspriiche 5 bis
11 durchzufihren.

15. Mobilstation, MS, die ausgelegt ist, das Verfahren
nach Anspruch 12 durchzufiihren.

Revendications

1. Procédé d’établissementd’une liaison aller radio par
une station de base, BS, de desserte dans un sys-
téme de communication coopérative, le procédé
comprenant :

laréception d’'un message de rapport de résultat
de mesure comprenant un résultat de mesure
pour chacune de la BS de desserte et de BS
voisines en provenance d’une station mobile,
MS ;

ladétermination d’au moins une BS voisine avec
laquelle la BS de desserte va établir une liaison
aller radio en fonction du résultat de mesure
pour chacune de la BS de desserte et des BS
voisines ;

I'exécution d’'une opération d’établissement de
liaison aller radio avec l'au moins une BS
voisine ;

sil’au moins une BS voisine est une BS membre
de cellule coopérative comprise dans une cel-
lule coopérative gérée par la BS de desserte,
I'exécution d’'une opération de mise a jour de
membre de cellule coopérative avec I'au moins
une BS voisine.

2. Procédé selon la revendication 1, comprenant en
outre :
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s’il y a au moins une autre BS voisine avec laquelle
'au moins une BS voisine doit en outre établir une
liaison aller radio, la commande aI’au moins une BS
voisine d’établir la liaison aller radio avec I'au moins
une autre BS voisine par la notification a 'au moins
une BS voisine que I'au moins une BS voisine doit
en outre établir la liaison aller radio avec I'au moins
une autre BS voisine.

Procédé selon la revendication 1, comprenant en
outre :

la transmission d’'un message d’aide d’établisse-
ment de liaison aller radio qui demande a un serveur
de réseau auto-organisé, SON, de transmettre un
message de réveil, indiquant que I'au moins une BS
voisine doit établir une liaison aller radio avec l'au
moins une BS voisine, a destination du serveur SON.

Procédé selon la revendication 1, dans lequel I'exé-
cution de I'opération d’établissement de liaison aller
radio avec I'au moins une BS voisine comprend :

la diffusion d’'un message de notification d’éta-
blissement de liaison aller radio, indiquant que
les BS voisines doivent établir une liaison aller
radio avec la BS de desserte et comprenant des
informations de BS relatives a I'au moins une
BS voisine, a destination de BS voisines ;

la réception d’'un message de demande d’acceés
de liaison aller radio en provenance de l'au
moins une BS voisine ;

la transmission d’'un message de réponse d’ac-
ces de liaison aller radio a destination de 'au
moins une BS voisine ; et

le réglage de parameétres a utiliser dans une
liaison aller radio avec I'au moins une BS voisi-
ne.

Procédeé d’établissement d’une liaison aller radio par
une station de base, BS, voisine dans un systéme
de communication coopérative, le procédé
comprenant :

la détermination si la BS voisine va établir une
liaison aller radio avec une BS de desserte ;
I'exécution d’'une opération d’établissement de
liaison aller radio avec la BS de desserte ;

s’il y a au moins une autre BS voisine avec la-
quelle la BS voisine doit en outre établir une
liaison aller radio, la réception d’'un message in-
diquant que la BS voisine doit en outre établir
une liaison aller radio avec I'au moins une autre
BS voisine, en provenance de la BS de
desserte ; et

I'exécution d’'une opération d’établissement de
liaison aller radio avec I'au moins une autre BS
voisine.
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Procédé selon la revendication 5, dans lequel I'exé-
cution de I'opération d’établissement de liaison aller
radio comprend :

I'exécution de I'opération d’établissement de liaison
aller radio avec la BS de desserte en fonction d’in-
formations de fenétre de liaison aller radio.

Procédé selon la revendication 6, dans lequel les
informations de fenétre de liaison aller radio com-
prennent des informations sur au moins I'un d’'une
période, d’un point de timing de début et d’'une lon-
gueur d’une fenétre de surveillance de liaison aller
radio.

Procédé selon la revendication 5, comprenant en
outre :

si la BS voisine est une BS membre de cellule coo-
pérative comprise dans une cellule coopérative gé-
rée par la BS de desserte, I'exécution d’une opéra-
tion de mise a jour de membre de cellule coopérative
avec la BS de desserte.

Procédé selon la revendication 5, dans lequel la dé-
termination si la BS voisine va établir la liaison aller
radio avec la BS de desserte comprend :

la réception d’'un message de réveil indiquant que la
BS voisine va établir la liaison aller radio avec la BS
de desserte en provenance d’'un serveur de réseau
auto-organisé, SON.

Procédé selon la revendication 5, dans lequel I'exé-
cution de I'opération d’établissement de liaison aller
radio avec la BS de desserte comprend :

la réception d’'un message de notification d’éta-
blissement de liaison aller radio indiquant que
la BS voisine va établir la liaison aller radio avec
la BS de desserte et comprenant des informa-
tions de BS relatives a la BS voisine ;
latransmission d’'un message de demande d’ac-
cés de liaison aller radio a destination de la BS
de desserte ;

la réception d’'un message de réponse d’acces
de liaison aller radio en provenance de la BS de
desserte ; et

leréglage de parameétres a utiliser dans laliaison
aller radio avec la BS de desserte.

Procédé selon la revendication 4 ou 10, dans lequel
les paramétres a utiliser dans la liaison aller radio
comprennent au moins I'une d’informations d’iden-
tifiant, 1D, de liaison aller radio, d’'informations de clé
de sécurité et d’'informations d’ID de connexion.

Procédeé d’établissement d’une liaison aller radio par
une station mobile, MS, dans un systéme de com-
munication coopérative, le procédé comprenant :



39 EP 2 898 612 B1

I'exécution d’'une opération de mesure pour cha-
cune d’une station de base, BS, de desserte et

de BS voisines ; et

la commande a la BS de desserte et aux BS
voisines d’exécuter une opération d’établisse- 5
ment de liaison aller radio par la transmission
d’'un message de rapport de résultat de mesure,
comprenant un résultat de mesure pour chacu-

ne de la BS de desserte et des BS voisines, a
destination de la BS de desserte, 10
dans lequel la commande a la BS de desserte

et aux BS voisines d’exécuter I'opération d’éta-
blissement de liaison aller radio comprend la
commande a la BS de desserte et a au moins
I'une des BS voisines d’exécuter une opération 75
de mise a jour de membre de cellule coopérative

si 'au moins une des BS voisines est une BS
membre de cellule coopérative comprise dans

une cellule coopérative gérée par la BS de des-
serte. 20

13. Station de base, BS, de desserte apte a effectuer le
procédé selon I'une des revendications 1 a 4 et 11.

14. Station de base, BS, voisine apte a effectuer le pro- 25
cédé selon 'une des revendications 5 a 11.

15. Stationmobile, MS, apte a effectuer le procédé selon

la revendication 12.
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[Fig. 3]
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[Fig. 5]
5(30 5?0 5?‘0 5§0
NEIGHBOR NEIGHBOR
MS SERVING BS 5o 1 B8
|
PERFORM A COMMUNICATION
502 »
PERFORM A MEASURENENT OPERATION
504 - N
|
505, MEASUREMENT RESULT REPORT MESSAGE
>
50| COOPERATIVE CELL NENBER CANDIDATE BS INDICATION HESSAGE
I il
510 COOPERATIVE CELL MEMBER CANDIDATE BS INDICATION MESSAGE
I
PERFORM A RADIO PERFORM A RADIO
512 FRONT HAUL LINK 514~ FRONT HAUL LINK
MONITORING OPERATION MONITORING OPERATION
RADIO FRONT HAUL LINK

516

518
520
522
524

526
528

SET UP NOTIFICATION MESSAGE]

»

RADIO FRONT HAUL LINK ACCESS REQUEST MESSAGE

RADIO FRONT HAUL LINK ACCESS RESPONSE MESSAGE o

SET PARAMETERS TO BE USED IlN ARADIO FRONT HAUL LINK

RADIO FRONT HAUL LINK SET UP COMMAND MESSAGE

PERFORM A COOPERATIVE CELL
MEMBER UPDATE GPERATION

PERFORM A COOPERATIVE CELL MEMBER UPDATE OPERATION

24

>

530 /532
PERFORM A RADIO PERFORM A RADIO
FRONT HAUL LINK FRONT HAUL LINK
SETUP OPERATION | | SETUP OPERATION




EP 2 898 612 B1

[Fig. 6]
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[Fig. 9b]
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[Fig. 10]
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[Fig. 12]
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